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Summary
Background.  —  As  current  multidetector  computed  tomography  (MDCT)  measurements  under-
estimate  the  size  of  the  aortic  annulus  ahead  of  transcatheter  aortic  valve  implantation  (TAVI),
a strategy  of  approximate  annulus  area  oversizing  has  been  adopted  recently.
Aims. —  To  measure  the  aortic  annulus  using  a  novel  complementary  intravalvular  MDCT  slice.
Methods. —  Fifty-ﬁve  patients  with  severe  aortic  stenosis  were  selected  for  MDCT  ahead  of
and 1  month  after  CoreValve® TAVI.  Two  MDCT  slices  were  analysed  and  compared:  the  current
standard virtual  basal  ring  (VBR)  at  the  nadir  of  the  aortic  cusps;  and  a  novel  slice,  deﬁned  as
the basal  (lowest)  complete  commissural  coaptation  (BCCC)  plane.
Results.  —  BCCC  is  an  intravalvular  plane  lying  5.2  ±  0.8  mm  above  the  VBR.  The  BCCC  annulus
is almost  circular,  unlike  the  VBR  (mean  eccentricity  index  0.09  ±  0.04  vs  0.3  ±  0.1,  respec-
tively). The  mean  BCCC  annulus  diameter  was  26.6  ±  2.3  mm,  16%  larger  than  that  of  the  VBR
(23.9 ±  2.2  mm;  P  <  0.001).  The  BCCC  annulus  area  proved  coherent  with  the  oriﬁce  area  mea-
sured after  TAVI  on  the  projection  of  the  same  slice  (i.e.  systematically  equal  to  or  greater  than
the latter  [mean  difference,  +2.3  ±  1.4  mm]),  in  contrast  to  the  wider  scatter  found  for  the  VBR
(—1.3 ±  2.0  mm).  Once  the  sclerotic  calciﬁed  valves  have  been  pushed  back  by  the  implant,  the
aortic oriﬁce  after  TAVI  will  inevitably  be  equal  to  or  less  than  the  diameter  of  the  virtually
unvalved annulus  before  TAVI.
Conclusion.  —  Based  on  the  present  results,  we  recommend  including  a  BCCC  slice  to  complete
aortic annulus  sizing,  in  order  to  optimize  implant  calibration.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Contexte.  —  Les  mesures  scannographiques  sous-estimant  le  diamètre  de  l’anneau  aortique,
une stratégie  approximative  de  surtaillage  des  prothèses  aortiques  percutanées  a  récemment
été adoptée.
Objectif.  — Cette  étude  propose  une  nouvelle  mesure  scannographique  intravalvulaire  de
l’anneau aortique.
Méthodes.  — Un  scanner  aortique  avant  et  à  un  mois  d’un  remplacement  valvulaire  aortique
percutané  par  CoreValve® a  été  réalisé  chez  55  patients  avec  un  rétrécissement  aortique
serré. Deux  plans  de  coupe  scannographique  ont  été  analysés  et  comparés  :  le  communément
admis « virtual  basal  ring  » (VBR)  au  nadir  des  cusps  aortiques  ;  et  le  nouveau  « Basal  com-
plete commissural  coaptation  » (BCCC),  plan  le  plus  bas  de  coaptation  centrale  des  feuillets
valvulaires aortiques.
Résultats.  —  BCCC  est  un  plan  intravalvulaire  situé  à  5,2  ±  0,8  mm  en  dessus  du  VBR.  L’anneau
BCCC est  circulaire  contrairement  au  VBR  (0,09  ±  0,04  vs  0,3  ±  0,1).  Le  diamètre  moyen  de
l’anneau BCCC  était  de  26,6  ±  2,3  mm,  supérieur  de  16  %  au  VBR  (23,9  ±  2,2  mm  ;  p  <  0,001).
Comparativement  à  la  mesure  de  l’oriﬁce  de  la  prothèse  implantée,  la  mesure  de  l’anneau  BCCC
est cohérente  car  systématiquement  égale  ou  plus  grande  (différence  moyenne,  +2,3  ±  1,4  mm),
contrairement  à  l’anneau  VBR  (—1,3  ±  2,0  mm).  Le  diamètre  annulaire  natif  est,  logiquement,
systématiquement  supérieur  au  diamètre  de  la  prothèse  implantée  dans  la  valve  en  refoulant,
en périphérie,  le  matériel  valvulaire  scléreux  et  calciﬁé.
Conclusions.  —  Nos  résultats  nous  incitent  à  utiliser  le  plan  de  coupe  du  basal  complète
commissural  coaptation  pour  la  détermination  précise  des  dimensions  de  l’anneau  aortique,
dans l’optique  de  la  calibration  de  la  prothèse  percutanée.
© 2015  Elsevier  Masson  SAS.  Tous  droits  réservés.
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eackgroundhe  means  of  measuring  the  aortic  annulus  to  optimize  sizing
nd  transcatheter  aortic  valve  implantation  (TAVI)  tech-
iques  have  been  improving  for  a  number  of  years,  but  still
reate  problems.
p
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aHistorically,  the  aortic  annulus  was  ﬁrst  measured  on
ransthoracic  echocardiography  (TTE)  or  transoesophageal
chocardiography,  but  multidetector  computed  tomogra-
hy  (MDCT)  rapidly  became  the  preferred  option,  as  it
rovides  multiplanar  three-dimensional  analysis  [1,2].  TTE
nd  transoesophageal  echocardiography  systematically
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underestimate  annulus  diameter  by  a  mean  of  2  mm  (range
1.3—2.4  mm)  compared  with  MDCT  [3—6].  This  underestima-
tion  is  caused  by  off-axis  echocardiographic  cross-sections
inducing  variability  in  measurement  [7].  These  signiﬁcant
differences  lead  to  a  change  in  choice  of  bioprosthesis  in
44%  of  cases  [8].
The  deﬁnition  of  the  aortic  annulus  as  measured  on
MDCT  is  itself  indeterminate  [4,8—12]  and  even  measure-
ments  taken  from  the  virtual  basal  ring  (VBR)  vary  greatly
[9,10,12].  In  ﬁve  large  cohort  studies  [1,6,9,11,13]  (com-
prising  53,  60,  71,  80  and  109  patients  awaiting  TAVI,
respectively),  the  mean  VBR  diameter  —  reputed  to  be  highly
reproducible  [8]  —  ranged  from  22.8  mm  to  24.5  mm.  Pros-
thesis/annulus  discrepancy  can  lead  to  complications,  most
commonly  mismatch  [7,14,15]  or  paravalvular  aortic  regur-
gitation  [12,16—18],  with  a  potentially  severe  effect  on
morbidity  and  mortality.
The  VBR  is  the  current  standard  MDCT  measurement
plane  for  the  aortic  annulus,  but  there  have  been  several
reports  of  underestimation,  leading  to  a  recommendation  to
oversize  the  bioprosthesis  systematically  by  10—25%  [6,19].
Recently,  Binder  et  al.  [20],  in  a  large  prospective  multicen-
tre  controlled  trial,  conﬁrmed  that  an  MDCT  annular  area
sizing  algorithm  allowing  for  5—10%  (maximum  20%)  over-
sizing  signiﬁcantly  reduced  paravalvular  aortic  regurgitation
rates  after  TAVI.  Implant  choice  is  becoming  increasingly
moot,  given  the  multiplicity  of  sizes  offered  by  each  man-
ufacturer  and  the  advent  of  new  types  of  bioprosthesis.
Some  authors  [21]  are  already  anticipating  future  progress
by  developing  implants  that  do  not  exceed  the  height
of  the  native  valves,  thereby  avoiding  any  contact  with
adjacent  tissue  and  structures,  such  as  the  left  ventricu-
lar  outﬂow  track  and  septum  or  anterior  mitral  leaﬂet,
coronary  ostia  and  ascending  aorta.  This  trend  makes  an
intra-annular  measurement  of  the  aortic  valve  all  the  more
valuable.
The  present  study  sought  to  deﬁne  a  novel  MDCT  slice
that  would  be  intravalvular,  reproducible  and  coherent  with
annular  measurements  taken  1  month  after  TAVI:  an  optimal
estimation  of  (virtually  unvalved)  aortic  annulus  diameter
will  inevitably  be  equal  to  or  greater  than  that  measured
after  valve  implantation  in  the  native  valve.
Methods
Subjects
Overall,  102  consecutive  patients  treated  exclusively  with
the  CoreValve® aortic  implant  (Medtronic  CV,  Irvine,  CA,
USA)  between  September  2011  and  March  2014  were
included  for  analysis.  Aortic  stenosis  secondary  to  bicus-
pid  aortic  valve  disease  was  an  exclusion  criterion.  Fifty-ﬁve
subjects  were  selected  retrospectively  as  having  undergone
aortic  computed  tomography  before  and  1  month  after  TAVI.
Subjects  implanted  for  severe  aortic  insufﬁciency  (n  =  4)
or  prior  bioprosthesis  malfunction  (n  =  2)  or  having  previ-
ously  undergone  aortic  valvuloplasty  (n  =  4)  were  excluded.
Twenty-four  subjects  were  excluded  for  excessive  arte-
facts  (respiration,  movement,  non-optimal  injection)  and  13
lacked  computed  tomography  scans  after  TAVI  (including  ﬁve
early  deaths).  Twenty  subjects  aged  <  45  years  with  MDCT
o
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ngiography  for  atypical  chest  pain  without  aortic  valve
athology  were  analysed  as  controls.  The  study  was  per-
ormed  according  to  French  regulations  and  was  approved
y  a  local  ethics  committee.
ransthoracic echocardiography protocol
he  aortic  annulus  diameter  was  measured  during  systole,
ithin  the  aortic  sigmoid  insertion  points,  on  a  zoom  image
n  a  parasternal  long  axis  window,  with  the  patient  in  left
ateral  decubitus  [22].
DCT protocol before and after TAVI
DCT  comprised  an  electrocardiogram-gated  whole-aorta
can  [1,11,23]. One  month  after  TAVI,  implant  position  and
eployment  were  checked  on  a  second  electrocardiogram-
ated  thoracic  aorta  scan  with  iodized  contrast  agent
njection.  All  acquisitions  were  performed  on  a  Philips  64-
ow  scanner  (Brilliance  CT,  Philips  Healthcare,  Cleveland,
H,  USA).  Eighty  millilitres  of  Iomeron® 400  iodized  con-
rast  agent  (Bracco,  Courcouronnes,  Paris,  France)  were
njected  at  3  mL/s,  followed  by  40  mL  isotonic  saline  at
he  same  rate,  by  the  peripheral  venous  route.  Acquisi-
ion  triggering  after  contrast  agent  injection  was  controlled
y  bolus  tracking;  the  region  of  interest  was  situated  on
he  descending  aorta,  with  automatic  triggering  at  150  HU.
can  direction  was  craniocaudal  during  a  single  apnoea.  The
cquisition  variables  were:  tube  voltage,  120  kV;  current,
50—800  mA,  according  to  body  surface  area;  collimation,
4  ×  0.625  mm;  tube  rotation  time,  400  ms/revolution;
itch  factor,  0.3;  ﬁeld  of  view,  350  mm;  and  radiation
ose,  1500—2000  mGy/cm.  Given  the  patients’  valvular
athology,  beta-blockers  were  not  used  to  slow  heart
ate.
omputed tomography reconstruction
nly  the  75%  cardiac  cycle  phase  was  conserved,  with  a
lice  thickness  of  1.4  mm,  to  optimize  image  quality  with-
ut  kinetic  blur  [24], as  no  signiﬁcant  difference  between
ystolic  and  diastolic  images  has  been  proven  [7,24—27].
mages  were  transferred  to  a  workstation  and  analysed  on
siriX  DICOM  Viewer  software  (OsiriX  Foundation,  Geneva,
witzerland)  [28]  by  two  experienced  operators.  Multiplanar
econstruction  was  used  to  optimize  measurement  along  the
ortic  valve  anatomy.
election of MDCT slice planes
ultiplanar  reconstruction  of  the  aortic  root  allowed  study
f  speciﬁc  slice  planes  (Fig.  1).  In  light  of  the  literature,  the
ollowing  planes  were  selected  for  analysis:  aortic  leaﬂets
asal  attachment  plane  (ALBAP)  [29], at  the  nadir  of  the
ortic  cusps;  VBR,  directly  under  the  zenith  of  the  left  ven-
ricular  outﬂow  track  [1,5,8]; ascending  aorta,  4  cm  above
he  ALBAP;  and  sinotubular  junction  (upper  limit  of  commis-
ures),  corresponding  to  the  transition  between  the  sinuses
f  Valsalva  and  the  tubular  aorta  [29].
In  addition  to  these  standard  planes,  we  further  deﬁned
wo  novel  planes,  referred  to  as:  the  upper  complete  com-
issural  coaptation  plane,  the  uppermost  plane  of  central
284  J.  Dementhon  et  al.
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wigure 1. Normal aortic root anatomy and anatomy with severe a
ommissure  coaptation  (upper  limit  of  valve  tightness);  and
he  basal  complete  commissural  coaptation  (BCCC)  plane,
he  lowest  plane  of  central  commissure  coaptation  (lower
imit  of  valve  tightness).  Attention  was  focused  more  par-
icularly  on  the  BCCC  plane,  as  it  is  critical  for  implant
nchorage;  the  three  ﬁbrous  commissural  insertions  and  cal-
iﬁc  masses  that  tend  to  concentrate  here  exert  the  greatest
echanical  stress  on  the  deployed  stent  [30,31].
We  further  deﬁned  a  TTE-like  plane,  reconstructed  from
n  oblique  sagittal  slice  by  modifying  the  slice  plane
oronally  to  achieve  perfect  aortic  sigmoid  symmetry  and
hereby  reproduce  the  conditions  for  echocardiographic
easurement  of  the  aortic  annulus  in  a  parasternal  long  axis
indow.
Finally,  for  the  multiplanar  reconstruction  1  month  after
AVI,  we  deﬁned  the  post-TAVI  BCCC  plane,  using  the  dis-
ance  from  the  sinotubular  junction  to  the  BCCC  plane  as
etermined  before  TAVI:  this  distance  was  projected  onto
he  contrast-enhanced  scan  taken  1  month  after  TAVI,  to
btain  the  slice  plane.
t
V
l stenosis on multidetector computed tomography axial slices.
easurements
aving  determined  the  BCCC  plane,  we  used  the  three  points
f  aortic  valve  commissural  insertion  to  trace  a  deformable
ircle  circumscribing  an  almost  equilateral  triangle  (Fig.  2).
he  mean  diameter  of  the  BCCC  aortic  annulus  was  calcu-
ated  from  the  circle  and  the  mean  of  the  sides  (S)  of  the
riangle  as  D  =  2
√
(A/),  where  A  is  the  measured  area  and
 =  2S  ×  sin  30◦/sin  120◦ ≈  1.155  S.  In  our  study,  the  size  of
alve  prosthesis  was  chosen  according  to  this  BCCC  aortic
nnulus  diameter.
Other  measurements  were  based  on  the  standard  def-
nitions  found  in  the  literature.  On  VBR  axial  slices,  the
iameters  Dmax and  Dmin [4,5,10,11]  and  the  diameter  cal-
ulated  from  the  area  as  determined  by  manual  planimetry
1,5,8,9]  were  assessed.  The  cusp-commissure  distance  [32]
as  assessed  as  the  mean  of  the  three  distances  between
he  respective  commissure  insertions  and  the  facing  sinus  of
alsalva.  The  diameters  of  the  ascending  aorta,  sinotubu-
ar  junction  and  sinus  of  Valsalva  were  measured  on  coronal
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Figure 2. Multidetector computed tomography (MDCT) aortic annulus measurement techniques before and after CoreValve® implantation.
Basally, two axial slice planes were deﬁned (see Methods section): the basal complete commissural coaptation (BCCC) and virtual basal ring
planes; the distance D between the sinotubular junction (full triangles) and the BCCC plane was measured. On the BCCC plane, the arrows
show the three commissural insertion points (a), from which a triangle with side S (b) and a deformable circle (c) were traced. Finally, a
direct measurement of the diameter, similar to that obtained on transthoracic echocardiography (TTE), was made on an appropriate MDCT
slice (‘‘TTE-like view’’). At 1-month follow-up, the external contour of the CoreValve struts, corresponding to the optimal functional aortic
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ioriﬁce after transcatheter aortic valve implantation (TAVI), was tra
that measured before TAVI between the sinotubular junction and th
slices  [27].  Valsalva  sinus  height  was  measured  between  the
ALBAP  and  the  sinotubular  junction  [32].  The  heights  of  the
left  and  right  coronaries  were  measured,  respectively,  on
oblique  coronal  and  sagittal  slices  between  the  lower  end
of  the  ostium  and  the  ALBAP  [29].
The  eccentricity  index  was  calculated  as  [1  —  (Dmin/
Dmax)],  an  index  >  0.1  deﬁning  an  elliptic  annulus  [10,12,32].The  diameter  on  TTE-like  slices  was  measured  between
the  two  aortic  sigmoid  insertions.
After  TAVI,  planimetric  analysis  of  the  outer  edge  of  the
stent  struts  was  performed  manually  on  axial  BCCC  slices  to
T
B
(
rn an axial slice in a plane projected at a distance D equivalent to
CC plane.
alculate  the  mean  diameter  corresponding  to  the  maximum
ortic  oriﬁce  expansion  caused  by  implantation;  diameters
max and  Dmin were  measured  perpendicularly.
ranscatheter aortic valve implantation sizing
n our institutionhe  size  of  valve  prosthesis  is  chosen  according  to  the
CCC  annulus  diameter  and  the  manufacturers’  guidelines
Medtronic  CV,  Irvine,  CA,  USA);  the  VBR  and  echocardiog-
aphic  measurements  are  not  taken  into  account.
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Comparative analysis of BCCC and VBR annulus86  
tatistical analysis
ategorical  variables  are  expressed  as  percentages  and  were
ompared  using  the  Chi2 test  or  Fisher’s  exact  test,  as  appro-
riate,  with  Bonferroni  adjustment.  Continuous  variables
re  expressed  as  means  ±  standard  deviations  or  medians
ith  ranges  and  were  compared  between  groups  using  the
ann—Whitney  test,  with  Bonferroni  adjustment.  Measure-
ent  techniques  were  compared  using  Bland—Altman  plots.
ntra-  and  interobserver  agreement  was  evaluated  by  calcu-
ating  intraclass  correlation  coefﬁcients.  Statistical  analysis
as  performed  with  SPSS  18.0  software  (SPSS  Inc.  Chicago,
L,  USA).
esults
haracteristics of the healthy control
opulation
he  20  control  subjects  had  a  mean  age  of  36  ±  6 years
range,  22—44  years)  and  a  mean  body  surface  area  of
.0  ±  0.2  m2.  Four  of  the  20  control  subjects  were  women.
able  1  presents  aortic  root  data.
haracteristics of the aortic root stenosis
opulation
able  2  describes  the  characteristics  of  the  study  popu-
ation  and  Table  3  presents  aortic  root  anatomy  before
d
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Table  1  Anatomical  multidetector  computed  tomographic  an
M
Ascending  aorta
Diameter  (mm)  2
Sinotubular  junction
Diameter  (mm)  2
Coronary  arteries
Height  of  the  left  coronary  artery  (mm)  1
Height  of  the  right  coronary  artery  (mm)  1
Sinus  of  Valsalva
Diameter  (mm)  3
Height  (mm)  1
Basal  complete  commissural  coaptation
Calculated  average  annulus  diameter  (mm)  2
Diameter  calculated  from  the  side  of  the  triangle  (mm)  2
Eccentricity  0
Height  between  BCCC  and  VBR  (mm)  
Virtual  basal  ring
Short  axis  (mm)  2
Long  axis  (mm)  2
Calculated  average  annulus  diameter  (mm) 2
Eccentricity  0
TTE-like  diameter  (mm) 2
BCCC: basal complete commissural coaptation; ICC: intraobserver in
echocardiography; VBR, virtual basal ring.J.  Dementhon  et  al.
nd  after  CoreValve  TAVI.  The  mean  annulus  diameter  dif-
ered  between  BCCC  and  VBR  MDCT  slices:  26.6  ±  2.3  mm
s  22.9  ±  2.2  mm,  respectively  (P  <  0.001).  Intraobserver
greement  was  almost  identical:  0.96  and  0.91,  respec-
ively.  VBR  annuli  were  elliptical,  with  a  mean  eccentricity
ndex  of  0.3  ±  0.1  (i.e.  >  0.1),  compared  with  0.09  ±  0.04  for
CCC  (i.e.  circular  annulus).
omparative analysis of aortic annulus
iameter before and after TAVI
igs.  3  and  4  compare  computed  tomography  and  echo-
ardiographic  measurements  of  the  aortic  annulus  before
nd  after  TAVI.  The  annulus  diameter  on  BCCC  planes
as  systematically  larger  than  the  external  diameter  of
he  implant  (mean  difference,  +2.3  ±  1.4  mm;  range,  0  to
.2  mm).  The  annulus  diameter  on  VBR  planimetry  was
ess  than  the  CoreValve  diameter,  and  showed  wide  vari-
tion  (mean  difference,  —1.3  ±  2.0  mm;  range,  —5.7  to
.6  mm).  Echocardiography  gave  values  that  were  consider-
bly  smaller  than  the  implant  diameter,  with  considerable
catter  (mean  difference,  —3.2  ±  2.4  mm;  range,  —8.3  to
.6  mm).iameter
ig.  5  compares  BCCC  and  VBR  annulus  diameters.  The  cor-
elation  coefﬁcient  between  the  two  diameters  was  0.60.
alysis  of  the  aortic  root  in  20  healthy  subjects.
ean  ±  SD  Median  Minimum  Maximum  ICC
7.7  ±  3.5  27.4  22.4  38.0  0.96
6.8  ±  2.7  26.5  23.6  34.7  0.97
4.1  ±  2.7  13.6  10.7  21.9  0.96
5.1  ±  2.9  14.5  10.2  20.5  0.76
3.2  ±  3.8  32.1  29  43.7  0.95
9.0  ±  1.3  18.8  17.8  22.1
6.4  ±  3.2  25.1  22.2  33.9  0.97
6.5  ±  3.3  25.3  22.1  33.9  0.89
.08  ±  0.03  0.08  0.03  0.15
5.2  ±  0.8  5.1  3.7  6.5
0.9  ±  2.2  20.7  17.4  24.2  0.85
8.1  ±  2.8  27.9  23.2  32.5  0.91
4.9  ±  2.5  24.4  21.1  29.4  0.96
.25  ±  0.04 0.26  0.16  0.33
2.8  ±  3.0  23.1  17.4  27.7  0.78
traclass correlation; SD: standard deviation; TTE: transthoracic
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Table  2  Clinical  and  ultrasound  characteristics  of  the
55  patients  with  severe  aortic  stenosis  and  transcatheter
aortic  valve  implantation.
Clinical  characteristics
Age  at  TAVI  (years)  81  ±  7
Men  31  (56)
Body  surface  area  (m2)  1.8  ±  0.2
Logistic  Euroscore  I  (%) 22 ±  12
NYHA
I  1  (2)
II  13  (24)
III  33  (60)
IV  8  (14)
Atrial  ﬁbrillation  15  (27)
Ultrasound  characteristics
LVEF  (%)  57  ±  11
Mean  aortic  gradient  (mmHg)  47  ±  12
Permeability  index  (%)  22  ±  5
Maximum  speed  (m/s)  4.2  ±  0.5
TAVI  procedure
Implant  size  (determined  from  BCCC  annulus)
26  mm  5  (9)
29  mm  22  (40)
31  mm  28  (51)
Approach
Femoral  43  (78)
Subclavian  12  (22)
Procedural  outcomes
Post-procedural  AI
None  17  (31)
Mild  36  (66)
Moderate  2  (4)
Severe  0
Coronary  occlusion  0
Annular  rupture  0
Post-dilation 4  (7)
Data are mean ± standard deviation or number (%); AI: aortic
insufﬁciency; BCCC: basal complete commissural coaptation;
LVEF: left ventricle ejection fraction; NYHA: New York Heart
Association; TAVI: transcatheter aortic valve implantation.
Figure 3. Comparison between multidetector computed tomo-
graphy (MDCT) and echocardiographic measurement (in mm) of the
aortic annulus in 55 patients before and after CoreValve® implanta-
tion (calculated average CoreValve diameter) (see Fig. 2). A. Aortic
annulus diameter before transcatheter aortic valve implantation
(TAVI), according to three measurement methods: mean diame-
ter in the basal complete commissural coaptation (BCCC) plane;
diameter on transthoracic echocardiography (TTE)-like view (cf.
transthoracic echocardiography); and diameter on TTE. B. Aortic
annulus diameter before TAVI according to two measurement meth-
ods: mean diameter in the BCCC plane; and small and long axes and
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tInﬂuence of measurement technique on
choice of  prosthesis
With  hindsight,  if  we  had  used  the  VBR  or  the  echocardi-
ographic  method  instead  of  our  BCCC  method,  the  size  of
prosthesis  chosen  would  have  been  smaller  (Table  4).  The
two  MDCT  annular  area  measurements  agreed  on  the  choice
of  prosthesis  in  only  33%  of  cases.
Discussion
The  present  study  compared  qualitative  and  quantitative
MDCT  analysis  of  normal  aortic  root  and  aortic  valve  steno-
sis.  As  a  complement  to  VBR  analysis,  which  has  become
a  standard  recommendation  for  optimizing  implant  sizing
in  TAVI,  we  deﬁned  a  novel  intravalvular  plane,  restricting
a
t
t
tean diameter in the virtual basal ring (VBR) plane.
maging  to  the  native  leaﬂets  without  interference  from  sur-
ounding  structures  (aorta  and  ventricle).  This  BCCC  plane  is
ntravalvular,  is  precisely  deﬁned  (as  the  lowest  commissure
entral  coaptation  plane  [lower  limit  of  valve  tightness])  and
ies  5.2  ±  0.8  mm  above  the  VBR.
Aortic  annulus  geometry  can  thus  be  measured:  with
ear-perfect  anatomical  circularity,  as  in  all  planes  supe-
ior  to  the  VBR  (0.09  ±  0.04  vs  0.30  ±  0.1);  as  reproducibly
s  the  VBR  (intraobserver  intraclass  correlation,  0.96  vs
.91;  interobserver  intraclass  correlation,  0.86  vs  0.84);
ith  diameters  and  areas  6%  and  12%  greater  for  normal
alves  and  16%  and  35%  greater  for  stenotic  valves,  respec-
ively;  and  with  perfect  anatomic  coherence,  the  annulus
rea  being  systematically  and  logically  equal  to  or  greater
han  the  oriﬁce  area  measured  in  the  projection  of  the  ini-
ial  BCCC  plane  after  TAVI,  whereas  VBR  values  were  lower
han  the  oriﬁce  area  after  TAVI  in  53%  of  cases  (29  of  55).
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Table  3  Anatomical  multidetector  computed  tomographic  analysis  of  the  aortic  root  in  55  patients  before  and  after
percutaneous  aortic  valve  replacement  with  a  CoreValve® implant:  comparison  with  echocardiographic  measurement  of
the  aortic  annulus.
Mean  ±  SD  Median  Minimum  Maximum  ICC
Baseline:  MDCT
Ascending  aorta
Diameter  (mm)  32.1  ±  2.6  32.2  27.5  38.6
Sinotubular  junction
Diameter  (mm) 27.7  ±  2.8 27.5 21.5 35.6
Sinus  of  Valsalva
Diameter  (mm)  33.4  ±  3.5  33.9  26.3  40.6
BCCC
Calculated  average  annulus  diameter  (mm)  26.6  ±  2.3  26.7  22.3  30.8  0.96
Diameter  calculated  from  the  side  of  the  triangle  (mm)  26.3  ±  2.4  26.5  21.7  31
Eccentricity  0.09  ±  0.04  0.09  0  0.18
VBR
Short  axis  (mm)  18.9  ±  2.6  19.3  13.6  26.4
Long  axis  (mm)  27.2  ±  2.9  26.9  22.1  35.4
Calculated  average  annulus  diameter  (mm)  22.9  ±  2.2  23.6  18  27.4  0.91
Eccentricity  0.3  ±  0.1  0.31  0.11  0.5
TTE-like  diameter  (mm)  22.1  ±  2.7  21.9  17.5  29.3
Baseline:  TTE
Annulus  diameter  determined  by  TTE
Distance  between  the  aortic  leaﬂet  insertions  (mm)  21.1  ±  1.8  21  16  26
After  TAVI:  MDCT
Projection  of  STJ-BCCC  distance  as  measured  before  TAVI
Calculated  average  annulus  diameter  (mm)  24.3  ±  1.77  24.2  21  27.6
Eccentricity  0.14  ±  0.07  0.13  0.29  0
BCCC: basal complete commissural coaptation; ICC: intraobserver intraclass correlation; MDCT: multidetector computed tomography;
SD: standard deviation; STJ: sinotubular junction; TAVI: transcatheter aortic valve implantation; TTE: transthoracic echocardiography;
VBR: virtual basal ring.
Table  4  Inﬂuence  of  measurement  technique  on  choice  of  prosthesis  size  (n  =  55).
Measurement  technique
TTE  (diameter)  VBR  (mean
diameter)
(ICC:  0.85)
BCCC  (mean  diameter)
(ICC:  0.86)
Diameter  too  small  7  (13%)  5  (9%)  0
CoreValve® 26  38  (69%)  23  (42%)  5  (9%)
CoreValve® 29  10  (18%)  23  (42%)  22  (40%)
CoreValve® 31  0  4  (7%)  28  (51%)
BCCC: basal complete commissural coaptation; ICC: interobserver intraclass correlation; TTE: transthoracic echocardiography; VBR:
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natomical differences between VBR and
ntravalvular BCCC plane
arious  slice  planes  can  be  detected  and  quantiﬁed  on
DCT  with  excellent  reproducibility,  the  highest  and  lowest
nnular  planes  showing  complete  central  coaptation  of  the
ortic  cusps  (respectively,  upper  and  basal  complete  com-
issural  coaptation  planes),  the  plane  of  the  aortic  cusp
adir  (ALBAP)  and  the  VBR,  anatomically  identical  to  the
LBAP,  but  in  which  the  MDCT  slice  plane  is  positioned  in
ﬂ
r
1
ohe  upper  part  of  the  left  ventricular  outﬂow  track  so  that
he  cusp  nadir  is  almost  or  completely  excluded  from  the
can  image  [6,11,23].  The  spatial  resolution  of  MDCT  at
cquisition  is  anisotropic,  as  longitudinal  or  z-axis  resolu-
ion  depends  on  slice  thickness  (the  x-,  y-  and  z-axes  being
.5,  0.5  and  1.4  mm,  respectively);  the  left  ventricular  out-
ow  track  axis  is  close  to  the  z-axis,  so  that  longitudinal
esolution  is  considerably  greater  than  0.5  mm  and  up  to
.4  mm.  The  reconstruction  interval  deﬁnes  the  degree  of
verlap  between  reconstructed  axial  images  [33].  The  VBR
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Figure 4. Bland—Altman analysis comparing multidetector com-
puted tomography (MDCT) and echocardiographic measurement of
the aortic annulus before and after transcatheter aortic valve
implantation (TAVI). A. Comparison between mean diameter calcu-
lated in the basal complete commissural coaptation (BCCC) plane
and in an axial slice plane projected at a distance D, equivalent
to the distance between the sinotubular junction and the BCCC
plane before TAVI, tracing the external contour of the implanted
CoreValve® struts (CV) (see Fig. 2). The CoreValve diameter corre-
sponds to the maximal expansion of the aortic oriﬁce induced by the
implant. The BCCC diameter was never less than that of the corre-
sponding oriﬁce after TAVI. B. Comparison between the CoreValve
diameter and the mean diameter calculated in the virtual basal
ring (VBR) plane: 72% of VBR diameter values were smaller than
the corresponding CoreValve diameters after TAVI. C. Comparison
between the CoreValve diameter and the diameter on transtho-
racic echography (TTE): 92% of TTE diameters were smaller than the
corresponding CoreValve diameters after TAVI. Continuous lines rep-
resent means and conﬁdence intervals (—2SD, +2SD). SD: standard
deviation.
Figure 5. Correlation between diameters (in mm)  in the basal
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aomplete commissural coaptation (BCCC) plane and the virtual basal
ing (VBR) plane.
lane  was  in  the  upper  part  of  the  left  ventricular  out-
ow  track,  signiﬁcantly  lower  than  the  ALBAP,  and  thus
natomically  inﬂuenced  by  the  intraventricular  septum  and
itroaortic  curtain;  it  was  highly  eccentric,  with  an  asym-
etry  index  of  0.3  ±  0.1,  in  agreement  with  the  literature
ata  as  a  whole  [4—6,9,11]  (Fig.  6).  In  contrast,  the  BCCC
nnulus  was  almost  perfectly  circular.  The  long-  and  short
xis  diameters  of  the  planimetric  VBR  area  (20.9  ±  2.2  mm
nd  28.1  ±  2.8  mm,  respectively)  were  similar  to  those  found
n  the  literature  for  patients  awaiting  TAVI  [10,11].  The
resent  short  axis  VBR  and  TTE  values  were  close  to  those  of
everal  other  reports  [6,34,35].  The  mean  2.1  mm  underes-
imation  found  on  echocardiography  compared  with  MDCT
ata  derived  from  VBR  planimetry  has  been  conﬁrmed  in
ther  studies,  with  mean  differences  ranging  from  1.3  to
.4  mm  [1,4,5,8,10,13,27].
oherent and reproducible novel intravalvular
lice plane
e  describe  a  novel  intravalvular  slice  plane,  deﬁned  as  the
ost  basal  plane  of  central  valve  commissure  coaptation.
n  this  plane,  the  intersection  of  each  commissure  with  the
ortic  wall  determines,  in  a  tricuspid  valve,  three  ﬁbrous
ommissural  insertions.  The  deformable  circle  passing
hrough  these  three  points  quantiﬁes  the  area  and  mean
iameter  of  the  aortic  annulus.  The  BCCC  plane  lies  a  mean
.2  ±  0.8  mm  above  the  ALBAP  (cusp  nadir)  (i.e.  at  a  quarter
f  the  total  height  of  the  aortic  cusps:  19.0  ±  1.3  mm).  It
nvolves  the  most  densely  calciﬁed  regions,  inducing  the
reatest  mechanical  stress  [31], and  also  the  areas  con-
erned  by  prosthetic  annulus  suturing  in  valve  replacement
36]. The  plane  is  biomechanically  coherent,  with  the  valve
eaﬂet  insertions  acting  as  a  locking  mechanism  during
mplant  deployment  [30].  It  is,  moreover,  anatomically
oherent,  with  an  annulus  area  that  is  systematically
nd  logically  equal  to  or  greater  than  the  oriﬁce  area
easured  in  the  projection  of  the  BCCC  plane  after  TAVI.  An
ptimal  measurement  of  the  diameter  of  the  aortic  valve
nnulus  (which  can  be  considered  as  an  unvalved  or  normal
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Figure 6. Illustration of investigation of the aortic annulus: the
virtual basal ring (VBR) is the multidetector computed tomography
(MDCT) plane at the nadir of the aortic cusps. A. Displacement of an
axial slice plane along the aortic root towards the nadir of the aor-
tic cusps, which remain clearly visible, deﬁning the aortic leaﬂets
basal attachment plane (ALBAP). B. To reach the nadir of the aor-
tic cusps, an axial slice plane adjacent to the ﬁrst is progressively
moved towards the left ventricular outﬂow track, with the medial
slice remaining unchanged on the ALBAP. C. The axial slice plane
is again progressively displaced to obtain the VBR as deﬁned in the
literature (i.e. the ﬁrst slice plane in which the nadir of the three
aortic cusps disappears). The axial displacement with respect to the
ALBAP is 3.1 mm, induced by the partial volume effect due to non-
isotropic voxel resolution at acquisition (0.500 × 0.500 × 1.40 mm).
D. A 4.0 mm displacement from the ALBAP is needed in this example
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Ro obtain the basal complete commissural coaptation (BCCC) plane
i.e. the lowest plane of central commissure coaptation).
ne-valved  oriﬁce)  before  TAVI  will  necessarily  be  greater
han  the  mean  oriﬁce  diameter  after  TAVI,  as  the  procedure
s  valve-in-valve  (bioprosthesis  in  native  valve),  with  a
olume  of  sclerotic  and  calciﬁed  leaﬂets  forced  outwards
uring  implantation.  Thus,  BCCC  measurements  that  are
ystematically  greater  than  the  external  diameter  of  theJ.  Dementhon  et  al.
mplant  are,  in  fact,  coherent,  unlike  those  found  with  the
BR  or  on  echocardiography,  which  are  smaller  (Fig.  4).
To  limit  paravalvular  aortic  insufﬁciency,  several  authors
dvise  oversizing  the  implant  with  respect  to  the  echocar-
iography  [16]  or  MDCT  VBR  data  [6,12,19,21,37].  Recently,
inder  et  al.  [20]  made  a  valuable  contribution,  demonstrat-
ng  that  applying  an  MDCT  annulus  area  sizing  algorithm
rom  5%  to  10%,  without  absence  of  adverse  effect  on
he  aortic  root,  reduced  paravalvular  aortic  regurgitation
mean  overall  MDCT  area  oversizing,  11.6%  ±  11.5%).  In  the
HOICE  randomized  clinical  trial  [38],  18.3%  of  the  120
atients  experienced  more  than  mild  aortic  regurgitation
fter  CoreValve  implantation.  In  comparison,  in  the  present
tudy,  with  the  BCCC  method,  only  3.5%  of  patients  showed
ore  than  mild  aortic  regurgitation.  When  the  aortic  regur-
itation  decreased,  we  did  not  observe  any  aortic  annular
upture.  It  would  seem  now  to  be  an  opportune  moment  to
ethink  aortic  annulus  measurement  techniques.
tudy limitations
irstly,  our  method  needs  to  be  performed  in  diastole
ecause  it  is  based  on  the  three  commissural  coaptation
nalyses.  However,  previous  studies  showed  no  difference
etween  systolic  and  diastolic  measurements  in  case  of  aor-
ic  stenosis  [7,24—27].  Secondly,  the  series  was  a  small  one,
he  objective  being  to  study  the  precise  anatomy  of  the  aor-
ic  root,  to  propose  a  more  coherent  measurement  method
han  the  VBR  standard.  Only  55  patients  of  102  were  selected
n  the  present  study.  Indeed,  severe  aortic  regurgitation,
ioprosthetic  malfunction  and  previous  aortic  valvuloplasty
ere  excluded,  with  the  aim  of  studying  the  native  degen-
rative  aortic  valve  anatomy.  Furthermore,  many  artefact
cquisitions  were  not  interpreted  because  of  a  ﬂawed  proto-
ol,  but  the  CT  acquisition  protocol  improved  progressively.
inally,  ﬁve  patients  died  from  massive  stroke  (n  =  2),  mesen-
eric  ischaemia  (n  =  1)  or  acute  renal  failure  (n  =  2)  before
he  second  tomodensitometry  scan.  Further  clinical  studies
re  needed  to  validate  this  method  for  current  practice.
onclusions
n  the  basis  of  these  results,  we  suggest  including  the  BCCC
lice  as  a  complementary  means  of  determining  precise  aor-
ic  annulus  dimensions  for  optimal  implant  calibration  ahead
f  TAVI.  Prospective  studies  are  needed  to  assess  the  effect
f  the  choice  of  the  BCCC  plane  for  prosthesis  sizing  com-
ared  with  other  measurement  methods.
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